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Abstract: Effect of Artemisia plant Extract (APE) on the copper corrosion as a corrosion inhibitor in an aerated 
acidic solution of in 2M H3PO4 containing 3.10
-1 
M NaCl has been investigated using gravimetric and electrochemical 
techniques. A significant decrease in the corrosion rate of copper was observed in the presence of the Artemisia 
plant extract. The potentiodynamic polarization data indicated that the inhibitor was of mixed type. Impedance 
measurements showed that the charge transfer resistance increased and double layer capacitance decreased with 
increase in the inhibitor’s concentration.  Also, some thermodynamic data for the activation are calculated and 
discussed. The results obtained from potentiodynamic polarization, impedance measurements and gravimetric 
method are in good agreement. 
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1. INTRODUCTION 
Copper is metal that has a wide range of applications due to its good properties. It is used in electronics, for 
production of wires, sheets, tubes, and also to form alloys. Copper is resistant toward the influence of atmosphere 
and many chemicals, however, it is known that in aggressive media it is susceptible to corrosion. The use of copper 
corrosion inhibitors in such conditions is necessary since no protective passive layer can be expected. The 
possibility of the copper corrosion prevention in different aqueous solutions has attracted many researchers so until 
now numerous possible inhibitors have been investigated. These studies reported that there are a number of organic 
and inorganic compounds which can do that for the corrosion of copper [1-5]. It is noticed that presence of 
heteroatoms such as nitrogen, sulphur, phosphorous in the organic compound molecule improves its action as 
copper corrosion inhibitor. Amongst these organic compounds and their derivatives such as azoles [6,7], amino 
acids [8] and many others, but these compounds are highly toxic. Recently, the research is oriented to the 
development of green corrosion inhibitors, compounds with good inhibition efficiency but low risk of environmental 
pollution [9]. Plant extracts have attracted attention in the field of corrosion inhibition for many decades. As natural 
products, they are a source of non-toxic, eco-friendly, readily available and renewable inhibitors for preventing metal and 
alloy corrosion [10-14]. 
The present study seeks to investigate the potential of using Artemisia plant extract as a cheap and 
environmentally safe corrosion control agent for copper in 2 M H3PO4 and NaCl 0.3 M solution. The assessment of the 
corrosion behavior was studied using weight loss, potentiodynamic polarization measurement. 
2. MATERIALS AND METHODS 
2.1. Weight loss measurements 
Gravimetric methods were conducted on copper test samples of a total surface of 12 cm
2
. All experiments were 
carried out under total immersion in 75 ml of test solutions. Mass loss was recorded by an Analytical balance. Prior to 
each gravimetric or electrochemical experiment, the surface of the specimens was polished successively  with emery 
paper up to 1200 grade, rinsed thoroughly with acetone and bidistilled water before plunging the electrode in the 
solution. Pure copper samples (99%) were used. The experiments were carried out in 2 M H3PO4 medium containing 
different concentration of NaCl; it was prepared by dilution of Analytical Grade 84% H3PO4 with bidistilled water and 
pure NaCl.  
2.2. Electrochemical tests 
The current–voltage characteristics are recorded with a potentiostat PGZ100 piloted by Voltamaster soft-ware. 
The scan rate is 30 mV/min and the potential is ranged from catholic to anodic potentials. Before recording each 
curve, the working electrode is maintained with its free potential of corrosion Ecorr for 30 min. The polarisation curves 
are obtained from −800 to 500 mV/SCE. We used for all electrochemical tests a cell with three electrodes and 
double wall thermostats (Tacussel Standard CEC/TH). Saturated calomel (SCE) and platinum electrodes are used as 
reference and auxiliary electrodes, respectively. The working electrode is in the form of a disc from pure copper of the 
surface 1 cm
2
. 
The tests were carried out in a temperature range from 298 to 323 K. The electrochemical impedance 
spectroscopy (EIS) measurements are realised with the electrochemical system (Tacussel), which included a 
digital potentiostat model Voltalab PGZ100 computer at Ecorr after 30 min immersion in solution. After the 
determination of steady-state current at a corrosion potential, sine wave voltage (10 mV) peak to peak, at 
frequencies between 100 kHz and 10 mHz are superimposed on the rest potential. Computer programs 
automatically controlled the measurements performed at rest potentials after 30 min of exposure at 298 K. The 
impedance diagrams are given in the Nyquist representation. Experiments are repeated three times to ensure the 
reproducibility. 
3. RESULTS AND DISCUSSION 
3.1. Effect of concentration inhibitor 
3.1.1. Polarization measurements 
Potentiodynamic anodic and cathodic polarization curves of copper specimens in 2M H3PO4 + 3.10
-1
M NaCl 
solution in the absence and presence of different concentrations of Artemisia plant extract are shown in Fig. 1. The 
respective kinetic parameters including corrosion current density (Icorr), corrosion potential (Ecorr), cathodic Tafel slope (bc) 
and inhibition efficiency Ei (%) are given in Table 1.  
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Figure1. Cathodic and Anodic polarisation curves of copper in (2M H3PO4+ 3.10
-1 
M NaCl ) at different 
concentrations of APE.  
 
Table 1. Electrochemical parameters of copper at various concentrations of APE in (2M H3PO4+ 0.3M NaCl) and 
the corresponding inhibition efficiency. 
 
It is illustrated from the data of Table 1 that the addition of Artemisia plant extract decreases corrosion current 
density. Also, it can be clearly seen that the inhibition efficiency of Artemisia plant extract increases with inhibitor 
concentration. This behavior shows that Artemisia plant extract acts as a good inhibitor for the corrosion of copper in 2M 
H3PO4 + 3.10
-1
M NaCl. 
The presence of inhibitor results in a marked shift in the cathodic branches and to a lesser extent in the anodic 
branches of the polarization curves. Moreover, in the presence of Artemisia plant extracts the values of corrosion potential 
Ecorr are nearly constant; therefore, Artemisia plant extract could be classified as a mixed-type inhibitor with predominant 
cathodic effectiveness. As can be seen from the data of Table 1, the cathodic Tafel slopes bc are approximately constant, 
indicating that the inhibiting action occurred by simple blocking of the available surface areas. 
3.1.2. Electrochemical impedance spectroscopy (EIS) 
Electrochemical impedance spectroscopy (EIS) is a well-established and powerful tool in the study of 
corrosion. Surface properties, electrode kinetics and mechanistic information can be obtained from the impedance 
diagrams [15]. 
Various parameters such as charge transfer resistance (Rt), double layer capacitance Cdl and percentage 
inhibition efficiency (ERt %) have been calculated and listed in Table 2. The inhibition efficiency can be evaluated by the 
following formula: 
Solution 
 
x 
(g/L) 
 
Ecorr  
(mV/SCE) 
Icorr 
(µA/cm
2
) 
ba 
(mV/dec) 
bc 
 (mV/dec) 
Ei 
(%) 
(2M H3PO4 
+ 
0.3 NaCl) 
+ 
x(g/L) APE 
 
0 -177 36 68 -297 - 
0.5 -187 17 44 -365 52 
1 -187 11 53 -337 71 
2 -187 8 44 -280 80 
3 -186 3.6 44 -290 90 
4 -180 1 50 -301 93 
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Here 𝑅𝑡  and 𝑅𝑡
0 are the charge transfer resistance in inhibited and uninhibited solutions respectively. 
The values of the charge transfer resistance were calculated by subtracting the high frequency intersection from 
the low frequency intersection [16]. Double layer capacitance values Cdl were obtained at the frequency (fmax), at which the 
imaginary component of the Nyquist plot is maximum, and calculated using the following equation. 
t
Rdl
C
.
1

  with         ω=2π f max                   (3) 
It is worth noting that the presence of inhibitor does not alter the profile of impedance diagrams which are almost 
semi-circular (Fig. 2), indicating that a charge transfer process mainly controls the corrosion of copper. 
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 Figure 2. Nyquist diagrams for copper electrode in (2M H3PO4+ 0.3M NaCl) with and without APE after 30min of 
immersion at Ecorr. 
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Table 2.  Impedance parameters for corrosion of copper in (2M H3PO4+ 3.10
-1 
M NaCl)   at various concentrations 
of APE. 
 
From Table 2, it was clear that charge transfer resistance Rt values were increased and the capacitance values Cdl 
decreased with increasing inhibitors’ concentration. The decrease in the capacitance which can result from a decrease in 
local dielectric constant and/or an increase in the thickness of the electrical double layer, suggests that the inhibitor 
molecules act by adsorption at the metal/solution interface. 
The presence of APE compounds increases the impedance but does not change other aspects of the 
behavior. These results support those of polarization measurements that the inhibitor does not alter the 
electrochemical reactions responsible for corrosion. It inhibits corrosion primarily through its adsorption on the 
copper surface. The inhibition effect may be due to the various components in plant extract. 
3.1.3. Weight loss, corrosion rates and inhibition efficiency 
Table 3 presents the results of weight loss measurements for the corrosion of copper in (2M H3PO4 + 0.3 M NaCl) 
solutions devoid of and containing different concentrations of the Artemisia extract. Inhibition efficiency Ew (%) is 
calculated as follows: 
100
W
W'-W
(%)wE
corr
corrcorr
           (4) 
Where Wcorr and W'corr are the corrosion rate of copper in 2 M H3PO4 + 3.10
-1 
M NaCl  in the absence and presence 
of APE inhibitor, respectively. 
Inspection of the data in the Table 3 reveals that the addition of APE decreases markedly the corrosion rate of 
copper. This result indicates the inhibitive effect of the added extract on copper corrosion in the acidic solution. The 
inhibition efficiency increases as the concentration of added extract is increased.  
The observed inhibition action of the APE could be attributed to the adsorption of its components on the copper 
surface. The formed layer, of the adsorbed molecules, isolates the metal surface from the aggressive medium leading to 
decreasing the corrosion rate. The results obtained from weight loss measurements are in good agreement with that 
obtained from potentiodynamic polarization and EIS measurements. 
 
Table 3. Copper weight loss data and inhibition efficiency of APE in 2 M H3PO4 + 0.3 M NaCl. 
 
 
 Concentrations 
(g/L) 
Rt 
(Ω.cm
2
) 
fmax 
(Hz) 
Cdl 
(µF/cm
2
) 
ERt  
(%) 
Blank 0 50 63 49 - 
 (2M H3PO4 
+ 
0.3 NaCl) 
+ 
x(g/L)  APE 
0.5 102 53 29 51 
1 170 40 23 70 
2 392 32 12 87 
3 510 30 10 90 
4 728 23 9 93 
 x  
(g/L) 
W’corr 
(mg.j
-1
. dm
−2
) 
Ew 
(%) 
 
 
(2M H3PO4 + 0.3 NaCl) 
+ x(g/L)   APE 
 
0 162 - 
0.5 81 50 
1 52 68 
2 32 80 
3 14 91 
4 8 95 
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3.2 Effect of the temperature 
3.2.1 Weight loss tests 
The effect of the temperature on the corrosion rate of the copper in free acid and added with 4g/L of APE at 8 h 
immersion period is made from 298 to 323 K as shown in Table 4. 
 
Table 4: Effect of the temperature on the copper in 2M H3PO4 + 0.3 M NaCl and added of 4 g/L of APE 
 
Temperature 
K 
W’ 
 (mg.j
-1
.dm
-2
) 
Ew 
(%) 
 
 
Blank 
298 162 - 
303 522 - 
313 777 - 
323 989 - 
 
APE 
298 8 95 
303 52 90 
313 132 83 
323 198 80 
 
It is clear that the increase of the corrosion rate is more pronounced with the rise of the temperature for blank 
solution. In the presence of the inhibitor, Wcorr is highly reduced. 
Also, the inhibition efficiency decreases slightly with increasing temperature. This can be explained by the 
decrease of the strength of the adsorption processes at elevated temperature and suggested a physical adsorption 
mode[17]. From this result, we can conclude that APE is an excellent inhibitor. 
3.2.2 Kinetic parameters 
The variation of the logarithm of corrosion rate of the copper in 2M H3PO4 + 0.3 M NaCl at 4 g/L APE as function of 
temperature reciprocate was illustrated in Fig. 3. It shows that the corrosion reaction can be regarded as an Arrhenius-
type process equation: 
 
Wcorr = kexp(-Ea/RT)    W’corr = k’exp(-E
’
a/RT)     (5) 
 
Where Wcorr and W’corr  are the corrosion rates of copper with and without inhibitor, respectively. Ea and E
’
a are the 
apparent activation energies in the presence and absence of inhibitor, respectively. k and k’ are constants, R is gas 
constant, T is temperature. 
The apparent activation energy was determined from the slopes of lnWcorr vs 1/T graph depicted in Fig. 3. It is seen 
that the presence of APE modifies the values of different activation energies (Ea=50 kJ/mol; E’a=83 kJ/mol). We remark 
that the activation energy increases in the presence of inhibitor that indicates the poorer performance of APE at higher 
temperature. The increase of activation energy is generally interpreted by an electrostatic adsorption process of the 
inhibitor on the copper surface [18,19]. 
The activation parameters for the studied system (H
*
 and  S* ) were estimated from the transition state equation [20]: 
)
*
exp().
*
(exp.
RT
H
R
S
Nh
RT
W
corr

             (6)
 
Where N is the Avogadro’s number, h the Plank’s constant, R is the perfect gas constant, S* and H* the 
entropy and enthalpy of activation, respectively. 
Fig.4 shows a plot of ln(Wcorr/T) against 1/T for APE. Straight lines are obtained with a slope of (-H*/R) and an 
intercept of (ln R/Nh + S*/R) from which the values of H*and S* are calculated respectively (Table 5). 
ISSN 2321-807X 
 1698 | P a g e                                                          A p r i l  0 4 ,  2 0 1 4  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3. Arrhenius plots of copper in (2M H3PO4 + 0.3 M NaCl) with and without 4 g/L of APE. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure.4 Relation between Ln(Worr/T) and 1000/T at different temperatures. 
 
Table 5. The values of activation parameters H
*
 and  S* for copper in (2M H3PO4 + 0.3 M NaCl) in the absence 
and the presence of 4 g/L of APE respectively. 
 ∆H*(kJ/mol) ∆S*(J.mol
-1
.k
-1
) 
Blank 48 -111 
Artemisia plant extract 
( 4g/L ) 
90 -05 
 
From the data obtained in Table 5, it can be concluded that: 
 The positive signs of H* reflect the endothermic nature of the copper dissolution process. It is obviously that the 
activation energy strongly increases in the presence of the inhibitor. Some authors [21- 22] have attributed this 
result to the inhibitor species being physically adsorbed on the metal surface. 
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 The negative values of ∆S* pointed to a greater order produced during the process of activation. This can be 
achieved by the formation of an activated complex representing an association or fixation with consequent loss in 
the degrees of freedom of the system during the process [23]. 
4. CONCLUSION  
It can be concluded that:  
 As a mixed-type inhibitor APE inhibits the reduction of H
+
 ions by merely blocking the reaction sites of copper 
surface.  
 The inhibition efficiency of APE increases with the concentration to attain a maximum value 93 % at 4g/L. 
 The effect of temperature on the corrosion behavior of copper indicates that inhibition efficiency of the natural 
substance decreases slightly with the rise of temperature. 
  A good agreement is obtained between the polarization data, electrochemical impedance spectroscopy 
measurements and gravimetric methods.  
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